(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 786 767 A2 

EUROPEAN PATENT APPLICATION 



(A'W 


U/dlU \J\ puDiicduon. 


(51) mtci * G11B 7/007, G11B 27/30, 




30.07.1997 Bulletin 1997/31 




G11B 19/24, G11B7/26, 


(21) 


Application number: 97300399.9 




G11B 11/10 


(22) 


Date of filing: 22.01.1997 






(84) 


Designated Contracting States: 


(72) 


Inventor: Fuji, Hiroshi 




DE GB 




Soraku-gun, Kyoto 619-02 (JP) 


(30) 


Priority: 26.01.1996 JP 11688/96 


(74) 


Representative: Brown, Kenneth Richard et al 








R.G.C. Jenkins & Co. 


(71) 


Applicant: SHARP KABUSHIKI KAISHA 




26 Caxton Street 




Osaka 545 (JP) 




London SW1H OR J (GB) 



(54) Optical recording medium and optical recording/reproducing device, and manufacturing 
method of optical recording medium 



(57) A magneto-optical disk 1 has a track, wherein 
one of the sidewalls (sidewall 4) of a groove 2 is wobbled 
by a wobble signal, and is provided with a notch 5 in the 
track having a different frequency from the wobble sig- 
nal. The absolute position of the magneto-optical disk 1 
is detected with a sample bit stored by the notch 5 of the 
track, and an information bit is stored with a recording/ 



reproducing clock synchronising with that position. By 
forming the notch 5 in, this manner, information can al- 
ways be recorded at the same information bit position, 
regardless of how many times information is rewritten. 
Therefore, a gap area and a buffer area, which have 
conventionally been essential, are not needed on the 
optical disk. Consequently, it is possible to use a record- 
ing area effectively. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an optical recording 
medium having a track in which one of the sidewalls of 
a groove wobbles according ta, for example, either ro- 
tation synchronization information or address informa- 
tion or both, and further relates to an optical recording/ 
reproducing device for recording information into the op- 
tical recording medium, and further relates to a manu- 
facturing method for manufacturing such an optical re- 
cording medium. 

BACKGROUND OF THE INVENTION 

Conventional technology has been developed for 
recording information both in the land and in the groove 
to improve the track density of an optical disk as a re- 
cording medium. For example, Japanese Laid-Open 
Patent Application No. 5-314538/1993 (Tokukaihei 
5-31 4538) discloses a method of forming a track for stor- 
ing information both in the land and in the groove there- 
of. 

Referring to Fig. 27, a magnified view of an optical 
disk, the following is an explanation about the method 
of forming a track disclosed in the above laid-open pat- 
ent application. An optical disk 101 has a groove 102, 
104, 106, etc. and a land 103, 105, etc. provided alter- 
nately to form respective information recording tracks. 
For example, a sidewall 108, one of the sidewalls of the 
groove 104, wobbles according to, for example, rotation 
synchronization information and address information. In 
other words, the sidewall 108 stores therein a wobble 
signal that is FM-modulated from the rotation synchro- 
nization information and/or address information. 

The optical disk 101 is configured so that the dis- 
tance between the adjacent wobbling sidewalls (e.g., 
the distance between the sidewall 108 and an adjacent 
wobbling sidewall 1 07 of the groove 1 02, or the distance 
between the sidewall 108 and another adjacent wob- 
bling sidewall 109 of the groove 106) is longer than the 
diameter of a light beam 110. Therefore, the light beam 
110 is prevented from reading out the wobble signal 
stored in the sidewall 107 and 109. 

With the optical disk 101 configured as above, as 
the optical beam 110 tracks, for example, the groove 
104, a wobble signal is reproduced from the sidewall 
108 of the groove 104. Rotation synchronization infor- 
mation and address information are read out of the wob- 
ble signal to control rotation of the optical disk and re- 
produce address information. In this case : the distance 
between the wobbling sidewall 108 of the groove 104 
and the wobbling sidewall 109 of the adjacent groove 
106 is set to be longer than the diameter of the optical 
beam 110. Therefore, the periphery of the light beam 
1 10 is configured not to reach the sidewall 1 09 when the 
groove 104 is tracked. Therefore, the wobble signal of 
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the sidewall 108 of the groove 104 is not interfered by 
the wobble signal of the sidewall 109. 

When the land 103 is tracked, a wobble signal is 
reproduced out of the sidewall 108 in the same manner 
s as above. In this case, since only the sidewall 1 07 of the 
adjacent groove 102 wobbles and is located opposite 
from the land 103, the periphery of the light beam 110 
does not reach the sidewall 107 when the land 103 is 
tracked. Therefore, the wobble signal of the sidewall 108 
io of the land 103 is not interfered by the wobble signal of 
the sidewall 107. 

Consequently, if the optical disk 101 configured in 
the above manner is used, the cross-talk of the wobble 
signal is reduced, the rotation of the optical disk 101 is 
15 surely controlled, and the address information is pre- 
cisely read out. Hereinafter, the track in which a wobble 
signal is stored only in one of the sidewalls of the land 
and of the groove will be referred to as a one-side wob- 
bling track. Therefore, the groove 104 and the land 103 
20 oppositely sandwiching the wobbling sidewall 108 have 
the same rotation synchronization information and ad- 
dress information. 

A well-known method of improving the recording 
density of an optical disk is a constant liner velocity 
25 (CLV) method. Referring to Fig. 28, the following is an 
explanation about information recording/reproducing 
device that carries out the CLV recording with respect 
to an optical disk of a one-side wobbling track. 

First, to record information with the CLV method, a 
30 wobble signal including rotation synchronization infor- 
mation is stored with the CLV method into one of the 
sides of the track of the optical disk 101 in advance. An 
optical pickup 111 radiates a light beam to the optical 
disk 101 provided with a wobbling track, and extracts a 
35 wobble signal aa out of a track error signal or a total 
signal that are reproduced from the reflected light. The 
wobble signal aa is inputted to an address information 
reproducing section 112 and to a CLV rotation control 
section 113. Then a clock cc of a constant frequency is 
^o inputted from a crystal oscillator 114 to the address in- 
formation reproducing section 112 and to the CLV rota- 
tion control section 113. 

Next, in the address information reproducing sec- 
tion 112, address information is FM-modulated from the 
45 wobble signal aa according to the clock cc. The CLV 
control section 113 compares the phase of the rotation 
synchronization signal included in the wobble signal aa 
and the phase of the clock cc. and outputs a drive signal 
bb to a spindle motor 115 so that the phases synchro- 
50 nize. The rotation of the optical disk 101 is controlled in 
this manner. Since the wobble signal aa is stored with 
the CLV method, the rotation of the optical disk 101 can 
bo controlled with the CLV method. 

Incidentally, in order to access recording informa- 
55 tion at high speeds, the position where the recording of 
the information starts needs to synchronize with the ro- 
tation of the disk and thus always the same. In this man- 
ner, the address in search can be found by predicting 
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the rotation of the disk during the search for information, 
thereby enabling high speed search. Japanese Laid- 
Open Patent Application No. 4-184718/1992 (Tokukai- 
hei 4-184718), "OPTICAL DISK AND OPTICAL DISK 
DEVICE", discloses a method of storing a reference po- s 
sition in the optical disk in advance in the above manner, 
and determining the position where the recording of the 
information starts according to that reference position. 
Referring to Figs. 29 and 30, the following explains the 
above method. 

In the optical disk 120, the groove 121 sandwiched 
between the land 123 and 124 functions as a track for 
recording/reproducing the information. The track 121 
has an index mark 1 22, a wobbling once for every round, 
that is stored when the track 121 is formed in the optical 
disk 120. 

A comparator in a device (not shown) for reproduc- 
ing the optical disk 1 20 compares a track error signal dd 
read out of the index mark 122 and a slice level ee to 
obtain an index mark detection signal Jf (reference sig- 
nal). The index mark detection signal ff functions as a 
reference for the absolute position once for a round of 
the optical disk 120. The index mark detection signal ff 
can format the address information in synchronization 
with the rotation of the optical disk 120. 

The length of the index mark 122 is set to be ap- 
proximately equal to an information recording bit, and 
has a position detection precision of less than the length 
of the information bit (not more than 1 micron). In other 
words, the position where the recording of the informa- 
tion starts is lined up once for every round highly pre- 
cisely by storing the index mark 122 in advance. 

However, even if the position where the recording 
of the information starts is determined, the positions of 
the recording bits thereafter vary depending on a varia- 
tion of the rotation of the optical disk. When the record- 
ing is completed, the variation have been accumulated 
and greatly changes the position where the recording 
ends. Therefore, the position where the recording ends 
and a position where the next recording starts may over- 
lap. 

Therefore, a conventionally typical method of avoid- 
ing the overlapping with the position where the next re- 
cording starts is to shift forward in advance the position 
where the recording ends, and to thus provide a so- 45 
called gap area (or sometimes referred to as a buffer 
area) before the position where the next recording starts 
so as to compensate for the variation. 

As the position where the recording ends varies, a 
position of the reproducing clock for reproducing the re- so 
cording data shifts every time at the position where the 
next recording starts. Therefore, it is necessary to lead 
in a phase locked loop (PLL) every time the reproducing 
clock position shifts. Therefore, an area to which the PLL 
is led in is provided at the beginning of the recording ss 
data area of the optical disk 120. 

Since the above-mentioned gap area and lead-in 
area for the PLL reduces the utilization factor of the re- 



cording area, there occurs a problem that the recording 
capacity of the optical disk is reduced. The ratio of the 
reduction to the total capacity is about 9 %, according 
to Japanese Industrial Standards for present rewritable 
optical disks. 

Moreover, when a target address is searched for, 
optica! disks having the above one-side wobbling track 
have a problem that the land and the groove oppositely 
sandwiching the wobbling sidewall carry the same ad- 
dress information and cannot be distinguished from 
each other. In other words, if an address is designated 
when information is recorded or reproduced, there exist 
two identical addresses, thus causing inconvenience in 
address management. 

SUMMARY OF THE INVENTION 

An object of the present invention is to offer an op- 
tical recording medium, an optical recording/reproduc- 
ing device, and a method of manufacturing an optical 
recording medium that are capable of recording infor- 
mation with absolute position precision equal to a bit unit 
by carving a notch bit, in addition to a wobble signal, in 
a track at a certain frequency by detecting the notch bit, 
and by generating a recording/reproducing clock syn- 
chronizing with the notch bit, and is to offer a useful op- 
tical recording medium, an optical recording/reproduc- 
ing device, and a method of manufacturing an optical 
recording medium that can deal with conventional prob- 
lems: for example, the land and groove oppositely sand- 
wiching a wobbling sidewall share the same address in- 
formation and cannot be distinguished when a target ad- 
dress is searched for. 

In order to accomplish the above object, the optical 
recording medium of the present invention records in- 
formation into a track, one of the sidewalls of the track 
wobbling at a predetermined frequency in accordance 
with either rotation synchronization information or ad- 
dress information, or both, and includes a notch bit of a 
reference signal generating a recording/reproducing 
clock, the notch bit being carved and stored on the one 
of the sidewalls of the track at a different frequency from 
the wobbling frequency. 

With the above optical recording medium, since the 
notch bit of the reference signal generating the record- 
ing/reproducing clock is carved and stored, absolute po- 
sition of the optical recording medium can be detected 
with the notch bit. Moreover, since information bit is re- 
corded with the recording/reproducing clock synchro- 
nizing with the detected position, the information can al- 
ways be recorded at the same information bit position, 
regardless of how many times the information is rewrit- 
ten. Consequently, a gap area and a buffer area, which 
have conventionally been essential, are not needed on 
the optical disk, and a recording area can be used ef- 
fectively. 

In addition, preferably, the optical recording medi- 
um that is capable of recording information with absolute 
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position precision equal to a bit unit can be offered by 
detecting the notch bit and generating the recording/re- 
producing clock synchronizing with the notch bit. 

Besides, preferably, if the notch bit is formed in syn- 
chronization with repetition of the wobbling, the land and 
the groove can be distinguished. This configuration en- 
ables the optical recording medium to deal with conven- 
tional problems: for example, the land and groove op- 
positely sandwiching a wobbling sidewall share the 
same address information and cannot be distinguished 
when a target address is searched for. 

The device for recording/reproducing information 
into/out of the aforementioned optical recording medium 
is, for example, an optical recording/reproducing device 
for recording/reproducing information into/out of an op- 
tical recording medium that has a track, one of the side- 
walls of the track wobbling in accordance with either ro- 
tation synchronization information or address informa- 
tion, or both, and that is provided with a notch bit in the 
track having a different frequency from a wobble signal 
read out of the wobbling of the sidewall of the track, the 
optical recording/reproducing device including: a re- 
cording medium drive control section for controlling a 
relative velocity between the optical recording medium 
and a light beam in accordance with the wobble signal 
reproduced out of the track; a reference signal extract- 
ing section for extracting a reference signal out of the 
notch bit of the track; a recording/reproducing clock gen- 
erating section, to which the reference signal is inputted, 
for generating a recording/reproducing clock synchro- 
nizing with the reference signal; and a recording/repro- 
ducing section for synchronizing a recording position of 
a bit for recording information with a position of the notch 
bit, and for thus recording/reproducing information in ac- 
cordance with the recording/reproducing clock. 

Moreover, the method of manufacturing the afore- 
mentioned optical recording medium is, for example, a 
method including the steps of : ( 1 ) cutting one of the side- 
walls of the track out of an optical disk substrate with a 
first light beam; and (2) cutting the other sidewall of the 
track out of the optical disk substrate with a second light 
beam that wobbles, wherein, in the step (2), a notch bit 
is formed at a predetermined frequency on the sidewall 
of the track that is cut with the second light beam 

For a fuller understanding of the nature and advan- 
tages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view schematically showing 
a track shape of a magneto-optical disk of an embodi- 
ment in accordance with the present invention. 

Fig. 2 is a block diagram schematically showing a 
configuration of a magneto-optical recording/reproduc- 
ing device for carrying out recording/reproducing infor- 
mation into/out of the magneto-optical disk. 



Fig. 3 is a schematic circuit diagram of the magneto- 
optical recording/reproducing device shown in Fig. 2. 

Fig. 4 is a schematic drawing showing a configura- 
tion of a land/groove distinguishing circuit provided in 
5 the circuit shown in Fig. 3. 

Fig. 5(a) is an explanatory drawing showing signal 
waveforms when the groove of the magneto-optical disk 
is tracked with a circuit shown in Fig. 3. 

Fig. 5(b) is an explanatory drawing showing signal 
io waveforms when the land of the magneto-optical disk is 
tracked with a circuit shown in Fig. 3. 

Fig. 6 is a perspective view schematically showing 
a track shape of another magneto-optical disk in accord- 
ance with the present invention. 
is Fig. 7 is a block diagram schematically showing a 
configuration of the other magneto-optical disk in ac- 
cordance with the present invention. 

Fig. 8 is a circuit diagram schematically showing a 
track servo lead-in device of a magneto-optical disk of 
20 another embodiment in accordance with the present in- 
vention. 

Fig. 9 is an explanatory view showing signal wave- 
forms of the track servo lead-in device shown in Fig. 8. 

Fig. 1 0 is a perspective view schematically showing 
25 a track shape of a magneto-optical disk of still another 
embodiment in accordance with the present invention. 

Fig. 11 is an explanatory view showing signal wave- 
forms when the magneto-optical disk shown in Fig. 10 
is tracked. 

30 Fig. 1 2 is a perspective view schematically showing 

a track shape of a magneto-optical disk of even another 
embodiment in accordance with the present invention. 

Fig. 1 3 is an explanatory view showing signal wave- 
forms when the magneto-optical disk shown in Fig. 12 
3S is tracked. 

Fig. 14 is a drawing showing a circuit for detecting 
a sample bit from the magneto-optical disk shown in Fig. 
12. 

Fig. 1 5 is a perspective view schematically showing 
40 a track shape of a magneto-optical disk of yet another 
embodiment in accordance with the present invention. 

Fig. 1 6 is a drawing showing a circuit for distinguish- 
ing the land and the groove of the magneto-optical disk 
shown in Fig. 15. 
4 5 Fig. 1 7(a) is an explanatory drawing showing signal 
waveforms when the groove of the magneto-optical disk 
is tracked with a circuit shown in Fig. 16. 

Fig. 1 7(b) is an explanatory drawing showing signal 
waveforms when the land of the magneto-optical disk is 
so tracked with a circuit shown in Fig. 16. 

Fig. 1 8 is a perspective view schematically showing 
a track shape of a magneto-optical disk of still another 
embodiment in accordance with the present invention. 

Fig. 1 9 is a drawing showing a circuit for distinguish- 
es ing the land and the groove of the magneto-optical disk 
shown in Fig. 18. 

Fig. 20 is an explanatory drawing showing signal 
waveforms when the magneto-optical disk shown in Fig. 
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18 is tracked. 

Fig. 21 is a schematic block diagram showing an 
example of a magneto-optical disk manufacturing de- 
vice in accordance with the present invention. 

Figs. 22(a) through 22(d) are explanatory drawings 
showing an example of cutting processes of a track of 
a magneto-optical disk manufactured with the magneto- 
optical disk manufacturing device showing in Fig. 21. 

Figs. 23(a) through 23(d) are explanatory drawings 
showing another example of cutting processes of a track 
of a magneto-optical disk manufactured with the mag- 
neto-optical disk manufacturing device showing in Fig. 
21. 

Fig. 24 is a block diagram schematically showing 
another example of a magneto-optical disk manufactur- 
ing device in accordance with the present invention. 

Fig. 25 is a perspective view schematically showing 
a track shape of a magneto-optical disk of a further em- 
bodiment in accordance with the present invention. 

Fig. 26 is a perspective view schematically showing 
a track shape of a magneto-optical disk of the further 
embodiment in accordance with the present invention. 

Fig. 27 is a perspective view schematically showing 
an optical disk provided with a conventional one-side 
wobbling track. 

Fig. 28 is a block diagram schematically showing a 
configuration of a conventional magneto-optical record- 
ing/reproducing device. 

Fig. 29 is a drawing showing an optical disk having 
a conventional wobble mark 

Fig. 30 is an explanatory drawing showing a signal 
waveform when the optical disk shown in Fig. 29 is 
tracked. 

DESCRIPTION OF THE EMBODIMENTS 
[FIRST EMBODIMENT) 

The following description will discuss an embodi- 
ment in accordance with the present invention. In the 
present embodiment, a magneto-optical disk is used as 
an example of the optical recording medium. Fig. 1 
shows a track shape of the magneto-optical disk in ac- 
cordance with the present invention. 

As shown in Fig. 1, a wobbling sidewall 4 sand- 
wiched between a pair of a groove 2 and a land 3 is 
formed in a magneto-optical disk 1 upon manufacture 
of the magneto-optical disk 1. A wobble signal is stored 
on the sidewatl 4. The wobble signal is FM-modulated 
with a signal obtained by reading the wobbling with a 
light beam, i.e., either rotation synchronization informa- 
tion or address information or both. The cycle L1 of the 
wobble signal is a few dozen microns, and the frequency 
of the wobble signal is a few dozen kHz when the linear 
velocity is 3 m/s and is set so as not to overlap a tracking 
servo band. 

Moreover, on the sidewall 4 between the groove 2 
and the land 3, notches 5 is carved and stored in syn- 



chronization with repetition of the wobble signal. !n other 
words, the notch 5 has a different frequency from the 
wobble, and constitutes a notch bit of a reference signal 
generating a later-mentioned recording/reproducing 
s clock. 

The intervals between the notches 5 are set to the 
cycle L1 of the wobble signal. The length L2 of the notch 
5 is set to a few hundred nms so that the signal frequen- 
cy for detecting the track does not overlap the wobble 
io signal. Specifically, the length of the notch 5 is about 
1/1 00 the wobble signal stored in a cycle of a few dozen 
microns, and the frequency of the detected signal is set 
to be a few MHz. The notch 5 enables the precision of 
the absolute position in a circumference direction on the 
track to be not more than the diameter of the light beam 
(not more than 1 ujti). 

In Fig. 1 , apart from the notch 5 formed on the side- 
wall 4 of the groove 2, there are more notches such as 
a notch 5' formed on the sidewall 4' of the groove 9, and 
a notch 5" formed on the sidewall 4" ol the land 6. How- 
ever, since these notches 5* : 5°, etc. are identical with 
the notch 5 formed on the sidewall 4 of the groove 2, 
unless otherwise specified, the following discussion will 
explain only the notch 5 formed on the sidewall 4 of the 
groove 2. 

The notch 5 is formed only on the wobbling sidewall 
4. That is, the notch 5 is formed neither on the sidewatl 
7 nor on the sidewall 8 that are opposite from the side- 
wall 4. Suppose that the notch 5 is formed on the side- 
walls 7 and 8 as well as on the sidewall 4, when a light 
beam tracks the adjacent groove 9, there occurs a leak- 
age of a signal from the notch 5 into a signal from the 
notch 5* corresponding to the groove 9, or so called 
cross-talk. 

Moreover, when the notches 5, 5', etc. are formed 
with the CLV method, phases of these notches are not 
synchronized, which will cause disturbance in extraction 
of a clock for later-mentioned recording/reproducing. 
But, if the notch 5 is formed only on the wobbling side- 
wall 4 as shown in Fig. 1, the cross-talk of the notch 
signal can be prevented, and, as a result, a precise 
notch signal can be obtained. 

Note also that when a notch is formed on the side- 
walls 7, 8, etc., but not on the sidewall 4, the cross-talk 
of the signal can be prevented in the same manner. In 
short, when a notch is formed on one of the sidewalls of 
the groove, the cross-talk of the notch signal can be pre- 
vented. 

The notch 5 is provided in large numbers for every 
round of the track, and used for extracting a clock for 
later-mentioned recording/reproduction synchronizing 
with a signal read out of the notch 5. If the recording/ 
reproducing clock can follow up a variation in the disk 
rotation, a conventionally provided gap area can be 
eliminated. 

As discussed above, the variation in the disk rota- 
tion needs to be sampled with a signal read out of the 
notch 5 to eliminate the gap area with the recording/re- 
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producing clock. That is, according to Nyquist sampling 
velocity, a frequency fs (= 1 / signal detection cycle) at 
which a signal read out of the notch 5 is discontinuous 
needs to be not less than twice the frequency band fd 
of the variation in the disk rotation {fs > 2fd). Since the 
rotation of the disk is controlled by a signal read out of 
the wobbling, the frequency band fd of the rotation var- 
iation is not more than half the frequency fw of the wob- 
ble signal (fd < fw/2). For example, it is understood that 
if fs > fw is set, fs > fw > 2fd, and the recording/repro- 
ducing clock can follow up the rotation variation. 

In order to prevent the notch 5 from disturbing focus 
servo, track servo, etc., the frequency fs at which the 
signal read out of the notch 5 is discontinuous needs to 
be higher than a servo band ft (fs > ft). Since the fre- 
quency fw of the wobble signal is set to be higher than 
the servo band ft in advance as earlier mentioned (fw > 
ft), it is understood that if fs > fw is set as above, fs > fw 
> ft, and the notch 5 can be prevented from disturbing 
the servo. 

Fig. 1 shows an example of a frequency satisfying 
a condition of fs = fw. Moreover, the length L2 of the 
notch 5 is a few hundred nms and is in the same order 
as a recording mark. However, if a recording mark is re- 
corded adjacent to the notch 5 in this example, the 
cross-talk is likely to cause wrong reproduction of the 
recording mark. When such wrong reproduction hap- 
pens often, the recording mark should not be recorded 
adjacent to the notch 5. If the recording mark is not re- 
corded adjacent to the notch 5 in this manner, reduction 
in capacity of recording data is likely to result. Therefore, 
in order to prevent wrong reproduction, and to prevent 
reduction in capacity of recording data, the number of 
the notches cannot be set to be larger than necessary. 

Therefore, in the example shown in Fig. 1 , the notch 
5 takes up a few hundred nms for every few dozen urns. 
This causes a 1 % reduction in the recording density, 
which is smaller than the 9 % reduction in the recording 
density caused by the lead-in area of a conventional gap 
and PLL In short, if the number of the notches 5 is set 
to be the same as that of the cycle of the wobbling, it is 
possible to surely make the recording/reproducing clock 
follow up the variation in the disk rotation, prevent dis- 
turbance to the servo, and improve the recording den- 
sity. 

The actual rotation control of the magneto-optical 
disk 1 synchronizes to a crystal clock a signal obtained 
by dividing the frequency of a read-out wobble signal by 
an integral number. Therefore, 2fd < nfw (n: an integral 
number). If fs/n = fw, the notch 5 satisfying the condi- 
tions, fs > 2fd and fs > ft, can be stored. 

Moreover, the frequency of the wobbling is well sep- 
arated from the servo band. Therefore, the frequency of 
a read-out signal of the notch 5 is allowed to be set in a 
wide range, and the number of the notches 5 can be 
also set in that wide range. 

Moreover, since the length L2 of the notch 5 in the 
magneto-optical disk 1 of the present application is a 



few hundred nms, which is smaller than the diameter of 
the light spot, the read-out signal quantity decreases. 
Meanwhile, since the frequency L1 of the wobbling is a 
few dozen jams, which is larger than the diameter of the 
5 light spot, the read-out signal quantity does not change. 
In other words, the signal quantity read out of the notch 
5 is small, compared to the signal quantity read out of 
the wobbling. Therefore, as shown in Fig. 1 , the height 
w2 of the notch is made larger than the amplitude w1 of 

10 the wobbling (w2 > w1 ). This can prevent a decrease in 
the signal quantity read out of the notch. 

Moreover, in order to take as large a read-out signal 
of the notch 5 as possible, and to prevent the read-out 
signal of the notch 5 from leaking into the read-out sig- 

75 nals of the notches 5\ 5", etc. of the adjacent track, the 
notch 5 needs to be formed, for example, as shown in 
Fig. 1 , where the groove 2 is the widest so that the center 
of the notch 5 is as close to the center of the amplitude 
of the wobbling as possible. 

so The notch 5 of the present embodiment is formed 
so as to protrude into the groove 2, but the front point 
thereof does not reach the land 6. If the notch 5 is formed 
in this manner, the signal of the notch 5 can be repro- 
duced only when the groove 2 and the land 3 are 

25 tracked, and cross-talk docs not happen with another 
notch portion that is adjacent perpendicularly to the 
track in the same manner as the wobble signal. 

Moreover, the land and the groove can be distin- 
guished (to be explained in detail later) by forming, as 

30 mentioned above, the notch 5 synchronizing with the 
repetition of the wobbling. When the notch 5 is to be 
formed to synchronize with the wobbling in this manner, 
the notch 5 must be formed only on the sidewall 4. This 
is because if the notch 5 is formed on the sidewalls 7 

3S and 8, the notch synchronizes with the wobbling of the 
sidewall 4, but does not synchronize with the wobbling 
of the sidewalls 4' and 4". If the wobbling is to be stored 
with the CAV method, the notch needs to be formed on 
the sidewalls 7 and 8 instead of the sidewall 4. 

Moreover, if the address information is stored by the 
notch 5 instead of the wobbling, the number of the notch- 
es 5 may increase and the recording density of the track 
may decrease. Therefore, if the notch 5 only stores a 
reference signal denoting the absolute position, and the 

45 address information is stored by the wobble signal, the 
decrease of the recording density of the track due to the 
increase of the number of the notches 5 can be mini- 
mized. 

The magneto-optical disk 1 shown in Fig. 1 is an 
50 example in which the center of the notch 5 is formed to 
be as close to the center of the amplitude of the wobbling 
as possible. The notch 5' shown in Fig. 6 may be used, 
instead of the magneto-optical disk 1 , and still produce 
the same effects. The notch 5' is carved where the 
55 groove 2 is the narrowest as a concave into the sidewall 
4 with the front point thereof not reaching the groove 9. 

The following will explain a magneto-optical record- 
ing/reproducing device as an optical record ing/repro- 
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ducing device for recording/reproducing information in- 
to/out of the magneto-optical disk 1 configured as 
above. The magneto-optical recording/reproducing de- 
vice is, as shown in Fig. 2, composed of an optical pick- 
up 10, a wobble signal reproducing section 11, a CLV 
rotation control section 1 2, a spindle motor 1 3, a sample 
bit extracting section 14, a recording/reproducing clock 
generating section 1 5, and a recording/reproducing sec- 
tion 16. 

The wobble signal reproducing section 11 reproduc- 
es a wobble signal b from an electric signal a read in by 
the optical pickup 10. 

The CLV rotation control section 12 has functions 
as recording medium drive control means for controlling 
a relative velocity between the magneto-optical disk 1 
and the light beam from the optical pickup 10 in accord- 
ance with the wobble signal b. 

The sample bit extracting section 14 has a function 
as reference signal extracting means for extracting a 
sample bit d, a reference signal, from the electric signal 
a read in by the optical pickup 10. 

The recording/reproducing clock generating sec- 
tion 15 has a function as recording/reproducing clock 
generating means for generating a recording/reproduc- 
ing clock synchronizing with the sample bit d. 

The recording/reproducing section 16 has a func- 
tion as recording/reproducing means for recording/re- 
producing information by synchronizing the storing po- 
sition of the bit for the recording information with the po- 
sition of the notch 5 according to the recording/repro- 
ducing clock. 

Therefore, the magneto-optical recording/repro- 
ducing device configured as above radiates a light beam 
from optical pickup 10 to the magneto-optical disk 1, 
converts the reflected light into the electric signal a in 
the optical pickup 10, and outputs the electric signal a 
to the wobble signal reproducing section 11 and the 
sample bit extracting section 14. 

The wobble signal reproducing section 11 gener- 
ates a track error signal or a total signal (to be described 
later) from the electric signal a, and extracts the wobble 
signal b from either the track error signal or the total sig- 
nal. The wobble signal b is inputted to the CLV rotation 
control section 12. 

The CLV rotation control section 12 controls the ro- 
tation of the magneto-optical disk 1 by comparing a 
phase of a reference clock (described later in detail) for 
controlling rotation and a phase of a rotation synchroni- 
zation signal contained in the wobble signal b, and then 
outputting a drive signal c to the spindle motor 1 3 so that 
the phases agree with each other. 

Since the wobble signal b is stored with the CLV 
method, the rotation of the magneto-optical disk 1 can 
be controlled with the CLV method. When the wobble 
signal b is stored with a constant angular velocity (CAV) 
method, the rotation can be controlled with the CAV 
method. The rotation control of the magneto-optical disk 
with the CAV method will be described later. 



the sample bit extracting section 14 extracts the 
sample bit d by binarizing an electric signal a repro- 
duced out of a notch 5 on the sidewall of a track of the 
magneto-optical disk 1 , and outputs the extracted sam- 
s pie bit d to the recording/reproducing clock generating 
section 15. 

The recording/reproducing clock generating sec- 
tion 15 generates a recording/reproducing clock e from 
the sample bit d, and then outputs the recording/repro- 

io ducing clock e to the recording/reproducing section 16. 
Since the absolute position of the sample bit d is record- 
ed precisely within a few dozen nms, the absolute posi- 
tion on the track of the magneto-optical disk 1 can be 
obtained as precisely as a bit with the recording/repro- 

'5 ducing clock e synchronizing with the sample bit d. 

The recording/reproducing section 16 records infor- 
mation into magneto-optical disk 1 by outputting a re- 
cording signal f to the optical pickup 10 according to the 
recording/reproducing clock e when the information is 

20 io be recorded. Therefore, it is possible to record into 
magneto-optical disk 1 not only a starting position of re- 
cording data, but also every recording bit through the 
last recording data with absolute position precision of 
less than a bit unit. 

£5 in the recording/reproducing section 16, since a re- 
produced signal £ outputted from the optical pickup 10 
when the information is to be reproduced is inputted, 
and the information recorded in the magneto-optical 
disk 1 is reproduced according to the recording/repro- 

30 ducing clock e, it is possible to reproduce a recording 
bit highly precisely in the same manner. In other words, 
since the information can be recorded highly precisely 
from the starting position of the recording through the 
ending position of the recording, a gap area, PLL lead- 

35 in area, etc. provided for a conventional position shift 
are not necessary, thereby increasing the recording ca- 
pacity. 

The following description explains in more detail the 
magneto-optical recording/reproducing device config- 
40 ured as above. In the magneto-optical recording/repro- 
ducing device, as shown in Fig. 3, a light beam outputted 
from a semiconductor laser 20 in the optical pickup 10 
passes a polarization beam splitter 21, is converged by 
an objective lens 22, and radiated at the magneto-opti- 
cs cal disk 1. 

The light reflected at the magneto-optical disk 1 is 
converged again by the objective lens 22, turned verti- 
cally by the polarization beam splitter 21, and splilled 
into two polarization directions by a polarization beam 
50 splitter 18 for differential detection of a later-mentioned 
magneto-optical signal. One of the reflected and splitted 
lights is guided to a two-portioned photo detector 23 and 
converted into electric signals a1 and a2, whereas the 
other light is guided to a photo detector 24 and convert- 
55 ed into an electric signal a3. 

The electric signals a1 and a2 are inputted to a dif- 
ferential amplifier 25. The wobble signal and the sample 
bit signal reproduced out of the notch are removed by 
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passing a push-pull signal h through a low pass filter 
(LPF) 26, in order to obtain a track error signal JV\ The 
track error signal jV; is inputted to one of the two input 
terminals of a switching circuit 28, whereas a signal ob- 
tained by inverting the polarity of the track error signal s 
JV' with a inverting circuit 27 is inputted to the other ter- 
minal of the switching circuit 28. 

The switching circuit 28 counts the number of tracks 
upon access by selecting the land or the groove accord- 
ing to an instruction signal] outputted from a CPU 31 for io 
selecting either the land or the groove, feeding back to 
a servo circuit 29 a track error signal (hereinafter will be 
simply referred lo as a track error signal)] corresponding 
to the selected land or groove, and then inputting the 
track error signal into a track crossing counting circuit is 
30. 

The servo circuit 29. transmits a control signal k to 
an objective lens aciuaior 32 according to the selected 
track error signal j and carries out the track servo to 
either the land or the groove. 20 

The track crossing counting circuit 30 sends the 
number of track crossings J to CPU 31 . The CPU 31 con- 
trols the access of the optical pickup 10 to a target track 
address while monitoring the number of track crossings. 

On the other hand, by passing the push-pull signal 25 
h obtained with the differential amplifier 25 through a 
band pass filter (BPF) 19 a wobble signal fV from which 
the track error signal and the sample bit signal have 
been removed can be obtained. The wobble signal JV is 
inputted to the comparator 32 to be binarized. Then, the 30 
binarized wobble signal b is inputted to one of the inputs 
of the land/groove distinguishing circuit 33, one of the 
inputs of the switching circuit 34, the other input of the 
switching circuit 34 through an inverter 38 : and a phase 
comparator 35. 35 

The phase comparator 35 compares the phase of 
the wobble signal b and the phase of a reference clock 
m outputted from a crystal oscillator 36, and then trans- 
fers a phase error signal n to a drive circuit 37. The drive 
circuit 37 controls the rotation of the spindle motor 13 40 
by outputting the rotation drive signal c to the spindle 
motor 13 in accordance with the phase error signal n. 
The magneto-optical disk 1 is controlled with the CLV 
method in this manner. 

Moreover, an address demodulating circuit 39 de- *s 
modulates an address with the wobble signal b whose 
polarity is selected by the switching circuit 34 in accord- 
ance with the reference clock m from the crystal oscil- 
lator 36. 

Moreover, the electric signals a1 and a2 are input- so 
ted to an adder 40. The added signal is further added to 
the electric signal a3 by an adder 41 , and is subtracted 
by a subtractor 45. An output signal o of the adder 41 is 
a total signal of the photo detectors 23 and 24. A high 
pass filter (HPF) 42 removes a wobble signal compo- ss 
nent from the output signal o to extract only the sample 
bit signal £. 

The sample bit signal p. is binarized by the compa- 



rator 43. The binarized sample bit cj is inputted to the 
land/groove distinguishing circuit 33 and the PLL 44. 

The land/groove distinguishing circuit 33. to which 
the wobble signal b and the sample bit g are inputted, 
distinguishes the land and the groove as described later 
in detail. The PLL 44 generates the recording/reproduc- 
ing clock e synchronizing with the sample bit cj and in- 
puts the recording/reproducing clock e to an information 
reproducing circuit 47 and an information recording cir- 
cuit 48. 

The signal s, outputted from the subtracter 45, is a 
magneto-optical signal obtained by subtracting the out- 
put signals of the photo detectors 23 and 24. The signal 
s is binarized by the comparator 46, and a binarized sig- 
nal] is reproduced by the information reproducing circuit 

47 in accordance with the recording/reproducing clock 
e. The information can be demodulated in synchroniza- 
tion with the reproduced bit in this manner. 

To record information into the magneto-optical disk 
1, it is possible to record recording bits with absolute 
position precision of less than a bit unit by outputting the 
recording signal f from the information recording circuit 

48 to the semiconductor laser 20 in accordance with the 
recording/reproducing clock e. 

The drive circuit 49 outputs a feed motor control sig- 
nal r to a feed motor 50, and controls the access of the 
optical pickup 10 while counting the number of the 
tracks. The sample bit signal £ can be extracted also by 
inputting the push-pull signal h, instead of the total sig- 
nal o, to the high pass filter 42. 

Fig. 4 shows an example of the land/groove distin- 
guishing circuit 33 shown in Fig. 3. A D-type flip flop (SN 
7474 made by Texas Instruments) is used as the land/ 
groove distinguishing circuit 33, which is configured so 
that the wobble signal b is inputted at the D input termi- 
nal thereof, the sample bit a, is inputted at the ck input 
terminal thereof, and a land/groove distinguishing signal 
w is outputted. It becomes possible to distinguish the 
land and the groove in this manner (to be described later 
in detail). 

Figs. 5(a) and 5 (b) are drawings to explain wave- 
forms in circuits shown in Figs. 3 and 4. 

Referring to Fig. 5(a), as the light beam 34 tracks 
the groove 2, the push-pull signal h shown in Fig. 3 is 
reproduced. The frequency band of the push-pull signal 
h is divided into three. The signal in the lowest band is 
a tracking error signal, the signal in the medium band is 
a wobble signal, and the signal in the highest band is a 
sample bit signal. The wobble signal IV is obtained by 
passing the push-pull signal h through the band pass 
filter 19, and thus removing the track error signal and 
the sample bit signal. As binarized by the comparator 
32, the wobble signal JV is binarized, and the digitized 
wobble signal b is obtained. 

Moreover, as to the sample bit signal^ obtained by 
passing the total signal o through the high pass filter 42 
shown in Fig. 3, only a frequency component of the sam- 
ple bit is extracted and then binarized to obtain the sam- 
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pie bit g. 

Note that even if the push-pull signal h, instead of 
the total signal p, is passed through the high pass filter, 
the sample bit p can be obtained in the same manner. 
In this case, since the push-pull signal h is a signal of s 
one of Ihe polarization planes of the PBS (a light detect- 
ing element), the push-pull signal h contains a magneto- 
optical signal Since this band overlaps the band of the 
sample bit g. the signal-to-noise ratio of the sample bit 
g Tiny decrease w 

Bu! since the magneto-optical signal has been re- 
moved from the total signalp, the total signal o is appro- 
priate lor extracting the sample bitp. However, when the 
rciiccied light is directed to the two-portioned detector 
23 Irom a light path before being applied to the PBS, 1$ 
this is not the case. 

As the land/groove distinguishing circuit 33 shown 
in Fig 4 samples the wobble signal b at the timing of a 
rising ol this sample bit cj, the land/groove distinguishing 
sigriril w is always high, and it is possible lo identify the 20 
ti ricking ol the gioove 4. Moreover, if the sample bit cj is 
inputted to Ihc PLL 44 shown in Fig. 3, the recording/ 
reproducing clock c synchronizing with the sample bit a, 
can be outputicd By recording/reproducing in accord- 
ance with the recording/reproducing clock c, it is always 2s 
possible to carry out synchronized recording/reproduc- 
tion with respect to an absolute position in a circumfer- 
ence direction of the track. It is thus possible to improve 
the recording density 

Now referring lo Fig 5(b), the following description 30 
explains tracking of the land 3. As the light beam 34 
tracks the land 3 the push-pull signal h is reproduced 
The wobble signal IV is obtained by passing Ihc push- 
pull signal h through the band pass tiller 19 and Ihus 
removing the track error signal and the sample bit How- 3S 
ever the polarity of that wobble signaljV is reversed from 
the polarity ol the wobble signal JV shown in Fig 5(a) 
The digitized wobble signal b is obtained by binari/tng 
the wobble signal jV with the comparator 32 

Moreover, as to the sample bit signal g obtained by JO 
passing the total signal o through the high pass filter 42 
only a frequency component of the sample bil is extract- 
ed. The sample bit g can be obtained by binari/mg the 
frequency component as in Fig. 5(b) 

As the land/groove distinguishing circuit 33 shown •*$ 
in Fig. 4 samples the wobble signal b at the timing of a 
rising of this sample bit a,, the land/groove distinguishing 
signal w is always low unlike in Fig. 5(b). and it is pos- 
sible to identify the tracking of the land 3 Moieovei, if 
the sample bit cj is inputted to the PLL 44 shown in Fig. so 
3, the recording/reproducing clock e synchronizing with 
the sample bit a, can be outputted. It is thus possible to 
perform highly-dense recording density as in Fig 5(a). 

As described so far, with the optical recording me- 
dium and the optical recording/reproducing device in ac- 55 
cordance with the present invention, since the absolute 
position of the magneto-optical disk is detected with the 
sample bit that is stored with the notch in the track, and 



the recording/reproducing clock that is synchronized 
with the position by the PLL is extracted, regardless of 
how many times the information bit is rewritten with a 
recording circuit in accordance with the clock, it is al- 
ways possible to record the information bit at the abso- 
lute position. 

Conventionally, the gap area and the buffer area are 
provided, because it is difficult to record information bits 
at the respective absolute positions thereof. However, 
the present invention does not need these areas and 
therefore can use the recording area more efficiently. 

With the optical recording medium of the present 
embodiment, since the notch bit is stored only on the 
wobbling sidewall, the cross-talk from the notch that is 
adjacent perpendicularly to the track can be reduced, 
and the sample bit signal can be precisely detected. 

Moreover, if the depth of the notch, measured per- 
pendicularly to the track, is small as in the optical re- 
cording medium of the present embodiment, the light 
beam does not reach a notch of the adjacent sidewall. 
Therefore, the cross-talk from the notch portion that is 
adjacent perpendicularly to the track can be reduced, 
and the sample bit signal can be precisely detected. 

Moreover, if the sample bit is recorded in synchro- 
nization with the wobble signal as in the optical record- 
ing medium of the present embodiment, the polarity of 
the wobble signal at the position of the sample bit is op- 
posite for the land and for the groove. Therefore, it is 
possible to distinguish the land and the groove by de- 
tecting the polarity. Conventionally, since the land and 
the groove sandwiching the wobbling sidewall have the 
same address information, two recording areas share 
the same address, which makes address management 
difficult. However, with the present invention, since it is 
possible to distinguish the land and the groove as men- 
tioned above, the addresses of the land and of the 
groove can be separated according to that distinguish- 
ing information, which makes address management 
easier. 

The above description has discussed an example 
of extracting the recording/reproducing clock and distin- 
guishing the land and the groove by storing the notch in 
synchronization with the wobbling of the sidewall. On 
the other hand, if the notch is stored without being syn- 
chronized, although it is difficult to distinguish the land 
and the groove, the recording/reproducing clock can be 
extracted precisely, and improvement of the recording 
density can be attempted. Moreover, it is needless lo 
mention that if the storing position precision of the notch 
is low, and if the synchronization with the repetition of 
the wobbling of the sidewall is low, although it is difficult 
to extract the recording/reproducing clock precisely, it is 
possible only to precisely distinguish the land and the 
groove, and the address management becomes easier. 

Moreover, in the present invention, it is possible to 
use the magneto-optical recording/reproducing device 
shown in Fig. 7, instead of the magneto-optical record- 
ing/reproducing device shown in Fig. 2. As shown in Fig. 
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7, the magneto-optical recording/reproducing device 
has a configuration including a CAV rotation control sec- 
tion 90, instead of the CLV rotation control section 12 
shown in Fig. 2, as the recording medium drive control 
means, and further including an address information re- 5 
producing section 91 as address information reproduc- 
ing means for reproducing address information. 

The CAV rotation control section 90 is configured 
so as to receive a rotation signal ^ that is outputted 
from a rotation signal generator (not shown) contained io 
in the spindle motor 13 and that is in synchronization 
with the rotation of the disk, and to output the drive signal 
c to the spindle motor 1 3 so that the phase of the rotation 
signal yy becomes constant. The CAV rotation control 
section 90 controls the magneto-optical disk 1 to rotate is 
at a constant rotation in this manner. 

Moreover, the magneto-optical disk 1 has address 
information stored in advance by the wobbling of the 
sidewall of the groove. With this, the reproduced wobble 
signal b is inputted to the address information reproduc- 20 
ing section 91 by the wobble signal reproducing section 
11. Then, the address information of the magneto-opti- 
cal disk 1 is reproduced by the address information re- 
producing section 91 . 

It is possible, as described above, to record and re- 2s 
produce information into/out of the magneto-optical disk 
with the recording/reproducing clock that is in synchro- 
nization with the notch, while reproducing the address 
information with the wobble signal b in this manner 

Note that the other members of the optical record- 30 
ing/reproducing device shown in Fig. 7 are identical with 
the members of the optical recording/reproducing de- 
vice shown in Fig. 2, and description of the functions 
thereof is omitted. 

Since the optical recording/reproducing device con- 35 
figured as above reads out the address information 
while controlling the rotation with the CAV method, the 
rotation does not vary depending on seek of the optical 
pickup 10 and it is possible to access at high speeds. 

40 

[SECOND EMBODIMENT] 

The following description will discuss a second em- 
bodiment in accordance with the present invention. Fig. 
8 shows a variation of the circuit shown in Fig. 3 ot the 45 
first embodiment, with additional three more members: 
a comparator 51, a lead-in control circuit 52 and a 
switching circuit 53. The circuit shown in Fig. 8 is an ex- 
ample of an optical recording/reproducing device for 
precisely obtaining a lead-in timing of track servo for the so 
land and for the groove. In this manner, the distinguish- 
ing of the land and the groove can be used not only for 
address management, but for a lead-in function of track 
servo or for a plurality of functions including the lead-in 
of track servo and the address management. For con- ss 
venience in description, members of the second embod- 
iment that have the same function as members of the 
first embodiment are indicated by the same reference 



numerals and description thereof is omitted. 

With the optical recording/reproducing device con- 
figured as above, a track error signal j selected by the 
switching circuit 28 is directed to the comparator 51 and 
to the switching circuit 53. The comparator 51 outputs 
a binarized track crossing signal j]. An instruction signal 
zz from a CPU 31 instructs the lead-in control circuit 52 
whether the track servo is to be led in to the land or to 
the groove. The lead-in control circuit 52, to which the 
track crossing signal I and a land/groove distinguishing 
signal w is inputted, outputs a lead-in timing signal x to 
the switching circuit 53. 

The servo loop is turned ON/OFF by controlling the 
ON/OFF of the switching circuit 53 with the lead-in tim- 
ing signal x. It is thereby possible to lead in the track 
servo either to the land or to the groove in accordance 
with the land/groove distinguishing signal w. 

As shown in Fig. 9, the level of the track error signal 
j is 0 at the centers of the groove 2 and of the land 3 in 
a cross-sectional view of the magneto-optical disk 1. 
The track servo is led in around the centers. The track 
crossing signal]; is obtained by binariztng the track error 
signal j. 

For example, when the track servo is led in to the 
groove 2, the lead-in timing signal x is given : in accord- 
ance with the instruction signal zz from the CPU 31, at 
a point where the track crossing signal £ changes from 
a low level to a high level when the land/groove distin- 
guishing signal w is at a high level, and the track servo 
is turned ON to be led in to the groove 2. When the track 
servo is led in to the land 3, the lead-in timing signal x 
is given in accordance with the instruction signal zz from 
the CPU 31 when the land/groove distinguishing signal 
w is at a low level, and the track servo can be thus led 
in to the land. 

In the present embodiment described so far, with 
the optical recording medium in which the sample bit is 
stored in synchronization with the wobble signal, the po- 
larity of the wobble signal at the position of the sample 
bit can be detected by detecting the polarity of the wob- 
ble signal at the position of the sample bit, and the land 
and the groove can be distinguished with this polarity. 
In this manner, with the land and the groove having a 
different timing for leading in the track servo, a lead-in 
timing can be selected, and the track servo can be pre- 
cisely led in in accordance with a result of the distin- 
guishing between the land and the groove. 

Moreover, since the notch 5 of the optical disk 
shown in Fig. 1 of the aforementioned first embodiment 
is formed so as to always protrude into the groove 2, 
there actually exists, by average, a minimal track offset 
from the land 3 to the groove 2 sandwiching the wob- 
bling sidewall 4. Since the notches only take up 1 % 
along the track, 1 % of the protrusion in the radial direc- 
tion of the optical disk causes an averaged offset. 

Incidentally, since the protrusion in this case is less 
than the track width (<0.7 u.m) at largest, the track offset 
of the magneto-optical disk 1 , being less than 0.007 u.m 
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at largest, is small enough and ignorable, compared to 
the recording precision of track. 

But, to further improve the frequency precision of 
the recording/reproducing clock and thereby to perform 
more precise recording, it is necessary either to in- 
crease the number of the notches or to increase the pro- 
trusion or the depth of the notch. However, this increas- 
es the offset. The third embodiment below can deal with 
such an offset. 

[THIRD EMBODIMENT] 

The following description will discuss a third embod- 
iment in accordance with the present invention. Fig. 10, 
showing a track shape of a magneto-optical disk 1 , is 
an example in which the offset given to a track error sig- 
nal, a wobble signal and the like by a notch of magneto- 
optical disk 1 is removed. 

As shown in Fig. 10, a sidewall 4 sandwiched be- 
tween a pair of a groove 2 and a land 3 is provided by 
a wobble signal in advance to the magneto-optical disk 
1 of the present embodiment upon manufacture thereof. 
Notches 5a and 5b of the magneto-optical disk 1 are 
stored in synchronization with the repetition of the wob- 
bling of the sidewall. One of the notches in the land 3 is 
the protrusion 5a, and the other notch is the dent 5b. 
The protrusion and the dent are provided alternately. If 
the protrusion 5a causes a minimal negative offset to 
the track error signal, the wobble signal and the like, the 
dent 5b causes a positive offset 

Since the protrusion 5a and the dent 5b provided 
alternately in the land 3 as described above, the offsets 
caused in the track can be cancelled, and the precision 
in the tracking and the reproducing function of the wob- 
ble signal can be further improved. 

As shown in Fig. 11, a push-pull signal h is repro- 
duced by tracking the groove 2 with a light beam 34. If 
the protrusion 5a causes a minimal negative offset, the 
dent 5b causes a positive offset. 

Since the protrusion 5a and the dent 5b are provid- 
ed alternately as described above, the offsets of the pro- 
trusion and of the dent can be cancelled by passing a 
low pass filter, a band pass filter or the like, and the pre- 
cision in the tracking and the reproducing function of the 
wobble signal can be further improved. The tracking of 
the land 3 produces the same results, and therefore de- 
scription thereof is omitted. 

In Ihe present embodiment, since the protrusion 5a 
and the dent 5b makes a pair for removing the offsets 
given to the track error signal and the wobble signal as 
shown in Fig. 1 0, the offsets are cancelled for every two 
cycles of the wobbling. 

Nevertheless, since the paired protrusion 5a and 
dent 5b generate a frequency component of half the fre- 
quency of the wobble signal, when the wobble signal 
band and the servo band are not well separated, the fre- 
quency component of the notch signal leaks into the ser- 
vo band and results in a disturbed servo function. 



The fourth embodiment below shows examples of 
an optical recording medium and of an optical recording/ 
reproducing device that can be used even when the 
wobble signal band and the servo band are not well sep- 
5 arated. 

[FORTH EMBODIMENT] 

The following description will discuss a fourth em- 
10 bodiment in accordance with the present invention. Fig. 
12 shows a track shape of a magneto-optical disk 1 . 

As shown in Fig. 1 2, a notch 54 is stored in the track 
of the magneto-optical disk 1 of the present embodiment 
in synchronization with repetition of the wobbling of the 
fS sidewall. In other words, the magneto-optical disk 1 is 
provided with a pair of a protrusion 54a and a dent 54b 
which form the paired notch 54. 

Therefore, if the protrusion 54a generates a minimal 
positive offset, the adjacent dent 54b generates a neg- 
ative offset. If the protrusion 54a and the dent 54b are 
formed in a pair in this manner, the oflsets can be can- 
celled, and the precision in the tracking and the repro- 
ducing function of the wobble signal can be further im- 
proved. 

Fig. 1 3 shows another example of detecting a sam- 
ple bit out of a magneto-optical disk shown in Fig. 12. A 
push-pull signal h is reproduced by tracking the groove 
2 with a light beam 34. Since the protrusion 54a and the 
dent 54b are formed in a pair, the offsets of the protru- 
sion and of the dent can be cancelled by passing a low 
pass filter, a band pass filter or the like. 

Here shows an example of a circuit for detecting a 
sample bit 5 out of the push-pull signal h shown in Fig. 
14, which replaces the circuit for detecting the sample 
bit £ out of the total signal in Fig. 3 of the first embodi- 
ment. 

A sample bit signal having a waveform shown in 
Fig. 13, is obtained by passing the push-pull signal h 
through a high pass filter 55. The sample bit g is ob- 
tained by inputting the sample bit signaly to a hysteresis 
comparator 56 shown in Fig. 14. Thereafter, for exam- 
ple, the land and the groove can be distinguished : and 
the recording/reproducing clock can be generated with 
the wobble signal b and the sample bit g in the same 
manner as the previous embodiments. The tracking of 
the land 3 produces the same results, and therefore de- 
scription thereof is omitted. 

As described above, the present embodiment can 
make it possible to remove a track offset even when the 
wobble signal band and the servo band are not well sep- 
arated. 

Nevertheless, since, in Fig. 12, the protrusion 54a 
is formed where the groove 2 is the narrowest, the pro- 
trusion 54a is too near to an opposite land therefrom. 
As a result, cross talk of a notch signal may happen. 

Therefore, the fifth embodiment below explains an 
example of preventing the cross talk of the notch signal. 
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[FIFTH EMBODIMENT] 

The following description will discuss a fifth embod- 
iment in accordance with the present invention. As 
shown in Fig. 15, a magneto-optical disk 1 of the present 
embodiment is provided with a notch 54 (a protrusion 
54a and a dent 54b) where the land 3 and the groove 2 
have the equal width. This configuration makes equal 
the distances from the protrusion 54a and the dent 54b 
to the respective sidewalls 2a and 3a, and thereby can 
most reduce cross talk between notch signals. In addi- 
tion, as described above, the amplitude of the notch 54 
is made larger than the amplitude of the wobbling, and 
the signal quantity read out of the notch 54 can be pre- 
vented from reducing. 

Fig. 16 shows another circuit for distinguishing the 
land and the groove of the magneto-optical disk 1 shown 
in Fig. 15. This circuit obtains a sample bit signal^ by 
passing a push-pull signal h through a high pass filter 
55, and obtains a sample bit 3 by inputting the sample 
bit signal^ to a hysteresis comparator 56. 

The push-pull signal h passes a band pass filter 57 
and thus becomes a wobble signal b binarized by a com- 
parator 58. The wobble signal b passes a delay circuit 
59, and then is inputted to a D-type flip flop 60 at the D 
input terminal thereof. 

The D-type flip flop 60 distinguishes the land and 
the groove by capturing with the sample bit g a wobble 
signal jy delayed by the delay circuit 59. 

Fig. 17(a) shows signal waveforms with the circuit 
shown in Fig. 16. A push-pull signal h is reproduced by 
tracking a groove 2 with a light beam 34. Note that since 
the protrusion 54a and the dent 54b are made in a pair, 
the offsets of the protrusion and of the dent can be can- 
celled by passing a low pass filter, a band pass filter or 
the like. A sample bit signal y, having a waveform as 
shown in Fig. 17(a), is obtained by passing the push- 
pull signal h through a high pass filter 55 shown in Fig. 
1 6. The sample bit cj is obtained by inputting the sample 
bit signal^ to a hysteresis comparator 56 shown in Fig. 
16. 

Fig. 1 7(a) shows that the land/groove distinguishing 
signal is high if a wobble signal delayed by passing a 
binarized wobble signal b shown in Fig. 16 through the 
delay circuit 59 is captured with the sample bit 3. 

Fig. 17(b) shows waveforms when the land 3 is 
tracked. Fig. 17 shows that the land/groove distinguish- 
ing signal becomes low by capturing the delayed wobble 
signal b; with the sample bit g. Therefore, even if the 
notch 54 is formed where the land 3 and the groove 2 
have an equal width, the land 3 and the groove 2 can 
still be distinguished. 

If the notch 54 (the protrusion 54a and the dent 54b) 
is formed where the land 3 and the groove 2 have an 
equal width in this manner, the distances are equal from 
the protrusion 54a and the dent 54b to the respective 
sidewalls 2a and 3a, and the cross talk can be most re- 
duced between notch signals. 



Note that the notches shown in Figs. 12 and 15, 
since doubling the amplitude of the detection signal, pro- 
duce better signal-to-noise ratios than the notches 
shown in Figs. 1, 6 and 10. Moreover, the same signal 
5 amplitude can be detected when the land 3 is tracked 
and when the groove 2 is tracked. 

[SIXTH EMBODIMENT] 

10 The following description will discuss a sixth em- 
bodiment in accordance with the present invention. The 
present embodiment is an example of inputting double 
the sample bits to a PLL by doubling the number of the 
notches in an attempt to realize high speed lead-in and 

15 to reduce jitter of a recording/reproducing clock. 

To double the number of the notches, as shown in 
Fig. 18, a notch 65 is formed where the land 3 of the 
magneto-optical disk 1 is the widest, and a notch 64 is 
formed where the land 3 of the magneto-optical disk 1 

20 is the narrowest. The notch 65 is made up of two notches 
adjacent to each other. This configuration enables the 
land 3 and the groove 2 to be surely distinguished from 
each other. This pattern, composed of two kinds of 
notches, improves the function for detecting a sample 

2S bit out of the notch 65. 

Fig. 1 9 shows an example of a circuit for distinguish- 
ing the land and the groove of the magneto-optical disk 
1 . 

A push-pull signal h is passed through a band pass 

30 filter 1 9 and binarized by a comparator 32. A wobble sig- 
nal b is inputted to a D-type flip flop 63 at the D input 
terminal thereof. 

A total signal p is passed through a high pass filter 
42 and thus binarized by a comparator 43. The sample 

35 bit g is obtained in this manner. The sample bit g is in- 
putted to a pattern detecting circuit 89 (pattern detecting 
means) composed of a one-shot multi vibrator 61 and a 
gate circuit 62. The one-shot multi vibrator 61 outputs a 
gate signal z. When the gate signal z is low, the sample 

40 bit g is inputted to the gate circuit 62, which in turn gen- 
erates and inputs a sample bit 3) to the D-type flip flop 
63 at the ck input terminal thereof. 

The D-type flip flop 63 distinguishes the land and 
the groove by capturing a wobble signal b with the sam- 

45 pie bit a/ which has been pattern-detected. 

Fig. 20 shows waveforms in Fig. 1 9. The push-pull 
signal h is reproduced by tracking the groove 2 with a 
light beam 34. A sample bit signal g is obtained by pass- 
ing the push-pull signal h through the high pass filter 55 

50 shown in Fig. 1 9. A sample bit 3 is obtained by binarizing 
the sample bit signal p. with a comparator 43 shown in 
Fig. 19. Here, the notch 65 generates two pulses, and 
the notch 64 generates one pulse. 

The sample bit g is inputted to the one-shot multi 

55 vibrator 61, which in turn outputs the gate signal z. The 
gate circuit 62 passes the sample bit g when the gate 
signal z is low. The gated sample bitoj is a signal having 
detected only the notch 65, and the notch 64 is not de- 
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tected. Moreover, wrong detection such as noise can al- 
so be prevented by patterning in this manner. 

Therefore, by capturing the wobble signal b with the 
sample bit cr\ the land and the groove can be surely dis- 
tinguished. Besides, the positions of the sample bits can 
be increased, and the notch can be made larger in an 
attempt to realize high speed lead-in and to reduce jitter 
of a recording/reproducing clock. 

Note also that if only the sample bit c£ out of the 
pattern of the notch 65 is inputted to the PLL 44 shown 
in Fig. 3, a recording/reproducing clock that is free from, 
for example, noise and thus stable can be obtained. 

Moreover, the pattern of the notch 65 is composed 
of a plurality of protrusions. Alternatively, a protrusion 
54a and a dent 54b may be combined in plural to form 
the notch 65 as shown in Figs. 12 and 15. 

[SEVENTH EMBODIMENT] 

The following description will discuss a seventh em- 
bodiment in accordance with the present invention. Fig. 
21 shows a main part of a cutting device (a magneto- 
optical disk manufacturing device) for cutting the track 
of a magneto-optical disk 1. In other words, the present 
embodiment explains a manufacturing method of a 
magneto-optical disk 1, i.e., an optical recording medi- 
um in accordance with the present invention. 

The cutting device is composed of a laser light 
source 70, a beam splitter 71, a reflection mirror 72, a 
half-wave plate 73, a polarization prism 74, an objective 
lens 75, a light modulator 77, a light polarizer 78, a re- 
flection mirror 79, an address information generator 80, 
a wobble signal generator 81, and a sample bit gener- 
ator 86. 

The address information generator 80 generates 
address information of the track. 

The wobble signal generator (wobble signal gener- 
ating means) 81 generates a wobble signal.to be stored 
in a sidewall of the groove that wobbles in accordance 
with the address information. 

The sample bit generator (notch signal generating 
means) 86 generates a notch signal for storing a notch 
bit of the track having a different frequency from the 
wobble signal. 

That is : with the cutting device configured as above, 
a light beam radiated from the laser light source 70 is 
divided into two by the beam splitter 71 . 

One of the splilted light beams is reflected by the 
reflection mirror 72, and then turned by 90 degrees with 
respect to the polarization direction thereof by the half- 
wave plate 73. That splitted light beam passes the po- 
larization prism 74, is converged by the objective lens 
75, and radiated at photoresist applied in advance to an 
optical disk substrate 76. The splitted light beam is for 
cutting a non-wobbling sidewall, i.e. : a light beam 88 (to 
be described later in detail, see Figs. 22 and 23), 

The other splitted light beam is turned ON/OFF, or 
light quantity thereof is switched by the light modulator 



77 as light quantity switching means for switching light 
quantity, in accordance with a signal sa outputted from 
the sample bit generator 86. That is, the sample bit gen- 
erator 83 can adjust a switching time or switching light 

s quantity of the light beam. In addition, the sample bit 
generator 83 is designed to form a notch bit by adjusting 
the light quantity in this manner. 

Thereafter, the light beam is wobbled by the light 
polarizer (light beam wobbling means) 78. That is, the 

10 wobble signal generator 81 FM-modulates a carrier sig- 
nal with address information sb outputted from the ad- 
dress information generator 80, and a wobble signal sc 
is sent to the light polarizer 78. The wobbling light beam 
is reflected by the reflection mirror 79, added to the other 

15 light beam by the polarization prism 74, and radiated at 
the photoresist on the optical disk substrate. This tight 
beam is a light beam for cutting the wobbling sidewall, 
i.e., a later-mentioned light beam 87 (see Figs. 22 and 
23). 

20 Then, these two light beams are radiated at the op- 
tical disk substrate 76 rotated by a rotation base 82. The 
photoresist is exposed to light in this manner. Thereaf- 
ter, the photoresist is developed, and unnecessary re- 
sist is removed. The remaining resist is etched to form 

25 a track on the optical disk substrate 76. 

Figs. 22 (a) through 22(d) show cutting processes 
of a magneto-optical disk manufactured with the afore- 
mentioned cutting device. The land 3 and the groove 2 
of the magneto-optical disk are formed in these proc- 

30 esses. 

First, as shown Fig. 22(a), in the process A1 , cutting 
is performed with the wobbling light beam 87 and the 
non-wobbling light beam 88. 

Next, as shown in Fig. 22(b), in the process A2, the 
35 light beam 87 is turned OFF, thereby starting storing of 
notch portions. 

Then, as shown in Fig. 22(c), in the process A3, the 
light beam 87 is turned ON again after a certain period 
of time, thereby completing the storing of notch portions. 
40 Finally, as shown in Fig. 22(d), in the process A4, 
cutting is performed with the wobbling light beam 87 
again. In this method, the length and depth of the notch 
5 can be adjusted with the OFF time of the light beam 87. 
Figs. 23(a) and 23(d) show other cutting processes 
45 of a magneto-optical disk manufactured with the afore- 
mentioned cutting device. 

First, as shown in Fig. 23(a), in the process B1 , cut- 
ling is performed with the wobbling light beam 87 and 
the non-wobbling light beam 88. 
so Next, as shown in Fig. 23(b), in the process B2, the 
light quantity of the light beam 87 is reduced, thereby 
starting storing of notch portions. 

Then, as shown in Fig. 23(c), in the process B3, the 
tight quantity of the light beam is raised back to the orig- 
55 inal light quantity after a certain period of time, thereby 
completing the storing of notch portions. 

Finally, as shown in Fig. 23(d), in the process B4, 
cutting is performed with the wobbling light beam 87 
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again. In this method, the length of the notch 5 can be 
adjusted with the time during which the light quantity of 
the light beam 87 is reduced. The depth of the notch 5 
can be adjusted with the light quantity by which the light 
quantity of the light beam 87 is reduced. 5 

According to the manufacturing methods of the 
magneto-optical disk of the present embodiment, it is 
possible to store the notch only on the wobbling sidewall 
by cutting the non-wobbling sidewall with the first light 
beam (the light beam 87), cutting the wobbling sidewall 10 
with the second light beam (the light beam 88), and 
switching the light quantity of the second light beam at 
a place where the sample bit is stored. 

Moreover, since the depth of the notch, measured 
perpendicularly to the track, can be adjusted in accord- is 
ance with the light quantity of the second light beam that 
is switched at the notch portion, a notch shape that is 
free from cross talk can be easily stored. Besides, the 
depth of the notch, measured perpendicularly to the 
track, can be adjusted by using the circular shape of the 20 
light beam in accordance with the switching time of the 
second light beam that is switched at the notch portion, 
and a notch shape that is free from cross talk can be 
easily stored. 

25 

[EIGHTH EMBODIMENT] 

The following description will discuss an eighth em- 
bodiment in accordance with the present invention. Fig. 
24 schematically shows another configuration example 30 
of a cutting device for cutting the track of the magneto- 
optical disk 1 . 

The light modulator 77 of the cutting device shown 
in Fig. 21 of the seventh embodiment is not provided to 
the cutting device of the present embodiment, which in- 35 
stead includes mix means 85 between a wobble signal 
generator 81 and a light polarizer 78. In other words, the 
cutting device of the present embodiment is configured 
so that a sample bit signal sa from a sample bit gener- 
ator 86 is inputted to the mix means 85, instead of being 40 
inputted to the light modulator 77 of the cutting device 
shown in Fig. 21. 

The cutting device, in the same manner as the cut- 
ting device of the first embodiment, splits a light beam 
radiated from the laser light source 70 into two with a 45 
beam splitter 71. 

One of the splitted light beam is reflected by a re- 
flection mirror 72, and then turned by 90 degrees with 
respect to the polarization direction thereof by a half- 
wave plate 73. That splitted light beam passes the po- so 
larization prism 74, is converged by the objective lens 
75, and radiated at photoresist applied in advance to an 
optical disk substrate 76. The splitted light beam is for 
cutting a non-wobbling sidewall (i.e., a light beam 88 
shown in Figs. 22 and 23). 55 

The other splitted light beam is wobbled by the light 
polarizer (light beam wobbling means) 78. The sample 
bit generator 86 inputs the sample bit signal sa to the 



mix means 85 at one of the input terminals thereof. The 
wobble signal generator 81 FM-modulates a carrier sig- 
nal with address information sb outputted from the ad- 
dress information generator 80, and a wobble signal sc 
is inputted to the mix means 85 at the other input termi- 
nal thereof. 

The sample bit sa and the wobble signal sc are 
mixed by the mix means 85, and sent to the light polar- 
izer 78. In this manner, the sample bit signal can also 
be stored with the wobbling of the light beam. The wob- 
bling light beam is turned towards the polarization prism 
74 by the reflection mirror 79, and radiated at photoresist 
on the optical disk substrate 76. This light beam is for 
cutting the wobbling sidewall (i.e., a light beam 87 
shown in Figs. 23 and 23). 

Then, these two light beams are radiated at the op- 
tical disk substrate 76 rotated by a rotation base 82. The 
photoresist is exposed to light in this manner. Thereaf- 
ter, the photoresist is developed, and unnecessary re- 
sist is removed. The remaining resist is etched to form 
a track on the optical disk substrate 76. 

According to the manufacturing methods of the 
magneto-optical disk of the present embodiment, it is 
possible to store the notch only on the wobbling sidewall 
by cutting the non-wobbling sidewall with the first light 
beam (the light beam 87), cutting the wobbling sidewall 
with the second light beam (the light beam 88), and wob- 
bling the second light beam at a higher frequency than 
the normal cutting frequency at a place where the sam- 
ple bit is stored. 

The above embodiments have discussed a case 
where both the land and the groove are used as a track 
for recording information. However, the present inven- 
tion is not limited to this. Alternatively, the present inven- 
tion can also be applied to a case where information is 
recorded either in the land or in the groove. The ninth 
embodiment below will discuss such a case where in- 
formation is recorded either in the land or in the groove. 

[NINTH EMBODIMENT] 

The following description will discuss a ninth em- 
bodiment in accordance with the present invention. For 
convenience in description, members of the present em- 
bodiment that have the same function as members of 
the above embodiments are indicated by the same ref- 
erence numerals and description thereof is omitted. 

First, it is assumed that information is recorded only 
in a land 3. In this case, as shown in Fig. 25, a magneto- 
optical disk 1 is configured so that a notch 54 formed by 
a pair of a protrusion 54a and a dent 54b is formed on 
a sidewall 4. This is the same configuration as that of 
the magneto-optical disk 1 of the fifth embodiment 
shown in Fig. 15. However, the magneto-optical disk 1 
shown in Fig. 1 5 records information both in the land 3 
and in the groove 2, whereas the magneto-optical disk 
1 of the present embodiment records information only 
in the land 3. 
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In the magneto-optical disk 1 of the present embod- 
iment 1, the groove 2 is cut so as to be narrower than 
the land 3 as shown in Fig. 25. For example, the groove 
2 is cut so as to have a maximum width Hg which is 
smaller than the maximum width Hr of the land 3. This s 
increases information tracks in number. An improve- 
ment in recording density is thus attempted. 

Here, the number of the information tracks can be 
increased by reducing the width of the groove 2, as long 
as a tracking to the land 3 is possible. 10 

Next, it is assumed that information is recorded only 
in the groove 2. In this case, as shown in Fig. 26, a mag- 
neto-optical disk 1 is configured so that a notch 54 
formed by a pair of a protrusion 54a and a dent 54b is 
formed on a sidewall 4. This is the same configuration is 
as that of the magneto-optical disk 1 shown in Fig. 25. 
However, the groove 2 is cut so as to be narrower than 
the land 3 in the magneto-optical disk 1 shown in Fig. 

25, whereas the land 3 is cut so as to be narrower than 

the groove 2 in Ihe magnelo-oplical disk 1 shown in Fig. 20 

26. For example, the land 3 is cut so as to have a max- 
imum width Hr which is smaller than the maximum width 
Hg of the groove 2. This increases information tracks in 
number. An improvement in recording density is thus at- 
tempted. 25 

Here, the number of the information tracks can be 
increased by reducing the width of the land 3, as long 
as a tracking to the groove 2 is possible. 

Note that a magneto-optical disk has been used as 
an example in the above embodiments However, the 30 
embodiments may be also applied to a write once type 
optical disk and a rewritable optical disk of a phase 
change type. Besides, the embodiments can be applied 
not only to a recording medium of a disk shape, but also 
to that of a different shape, such as a card shape and a 35 
drum shape. 

The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such mod- 40 
ifications as would be obvious to one skilled in the art 
intended to be included within the scope of the following 
claims. 



Claims 

1. An optical recording medium for recording informa- 
tion into a track, one of the sidewalls of the track 
wobbling at a predetermined frequency in accord- so 
ance with either rotation synchronization informa- 
tion or address information, or both, 

the optical recording medium comprising a 
notch bit of a reference signal generating a record- 
ing/reproducing clock, the notch bit being carved 55 
and stored on the one of the sidewalls of the track 
at a different frequency from the wobbling frequen- 
cy. 



2. The optical recording medium as defined in claim 1 , 

wherein the notch bit is composed of at least 
one of a notch having a protrusion shape and a 
notch having a dent shape formed on the one of the 
sidewalls of the track. 

3. The optical recording medium as defined in claim 2, 

wherein the notch has a front point formed not 
to reach an opposite sidewall. 

4. The optical recording medium as defined in claim 1 , 

wherein the notch bit is provided in synchro- 
nization with a wobble signal read out of the wob- 
bling of the sidewall of the track. 

5. The optical recording medium as defined in claim 1 , 

wherein the notch bit is composed of a plural- 
ity of continuous notches. 

6. The optical recording medium as defined in claim 1 , 

wherein an information recording area does 
not include the notch bit. 

7. The optical recording medium as defined in claim 1 , 

wherein a frequency at which a signal read out 
of the notch bit is discontinued is set to be double 
a frequency of a variation in rotation of an optical 
recording medium. 

8. The optical recording medium as defined in claim 1 , 

wherein a frequency at which a signal read out 
of the notch bit is discontinued is set to be higher 
than a frequency of a servo band of the track. 

9. An optical recording medium for recording informa- 
tion into a land and into a groove that are both used 
as tracks, wherein one of the sidewalls of the groove 
wobbles in accordance with either rotation synchro- 
nization information or address information, or both, 

the optical recording medium comprising a 
notch bit of a signal for distinguishing the land and 
the groove, the notch bit being carved and stored 
on the one of the sidewalls of the groove in synchro- 
nization with a wobble signal read out of the wob- 
bling of the one of the sidewalls of the groove. 

10. An optical recording/reproducing device for record- 
ing/reproducing information into/out of an optical re- 
cording medium that has a track, one of the side- 
walls of the track wobbling, and that is provided with 
a notch bit in the track having a different frequency 
from a wobble signal read out of the wobbling of the 
sidewall of the track, 

the optical recording/reproducing device 
comprising: 

recording medium drive control means for con- 
trolling a relative velocity between the optical 
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recording medium and a light beam in accord- 
ance with the wobble signal reproduced out of 
the track; 

reference signal extracting means for extract- 
ing a reference signal out of the notch bit of the 5 
track; 

recording/reproducing clock generating 
means, to which the reference signal is input- 
ted, for generating a recording/reproducing 
clock synchronizing with the reference signal; 10 
and 

recording/reproducing means for synchroniz- 
ing a recording position of a bit for recording 
information with a position of the notch bit, and 
for thus recording/reproducing information in 
accordance with the recording/reproducing 
clock. 



11. An optical recording/reproducing device for record- 
ing/reproducing information into/out of an optical re- 20 
cording medium that has a track, one of the side- 
walls of the track wobbling in accordance with either 
rotation synchronization information or address in- 
formation, or both, and that is provided with a notch 

bit of the track on the one of the sidewalls of the 2S 
track at a different frequency from a wobble signal 
read out of the wobbling of the sidewall of the track, 
the optical recording/reproducing device 
comprising: 

30 

address information reproducing means for re- 
producing address information in accordance 
with the wobble signal reproduced out of the 
track; 

reference signal extracting means for extract- 3S 
ing a reference signal out of the notch bit; 
recording/reproducing clock generating 
means, to which the reference signal is input- 
ted, for generating a recording/reproducing 
clock synchronizing with the reference signal; 40 
and 

recording/reproducing means for synchroniz- 
ing a recording position of a bit for recording 
information with a position of the notch bit, and 
for thus recording/reproducing information in 45 
accordance with the recording/reproducing 
clock. 

12. An optical recording/reproducing device for record- 
ing/reproducing information into/out of an optical re- so 
cording medium that has a track, one of the side- 
walls of the track wobbling, and that is provided with 

a notch bit of the track on the one of the sidewalls 
of the track at a different frequency from a wobble 
signal read out of the wobbling of the sidewall of the 55 
track, 

wherein the notch bit is composed of a plural- 
ity of continuous notches, 



the optical recording/reproducing device 
comprising: 

pattern detecitng means for detecting a notch 
pattern of the notch bit; 

recording medium drive control means for con- 
trolling a relative velocity between the optical 
recording medium and a light beam in accord- 
ance with the wobble signal reproduced out of 
the track; 

reference signal extracting means for extract- 
ing a reference signal out of the notch bit; 
recording/reproducing clock generating 
means, to which the reference signal is input- 
ted, for generating a recording/reproducing 
clock synchronizing with the reference signal; 
and 

recording/reproducing means for synchroniz- 
ing a recording position of a bit for recording 
informalion wilh a position of the notch bit, and 
for thus recording/reproducing information in 
accordance with the recording/reproducing 
clock. 

13. An optical recording/reproducing device for record- 
ing/reproducing information into/out of an optical re- 
cording medium that has a track, one of the side- 
walls of the track wobbling in accordance with either 
rotation synchronization information or address in- 
formation, or both, and that is provided with a notch 
bit of the track on the one of the sidewalls of the 
track at a different frequency from a wobble signal 
read out of the wobbling of the sidewall of the track, 

wherein the notch bit is composed of a plural- 
ity of continuous notches, 

the optical recording/reproducing device 
comprising: 

pattern detecitng means for detecting a notch 
pattern of the notch bit; 

address information reproducing means for re- 
producing address information in accordance 
with the wobble signal reproduced out of the 
track; 

reference signal extracting means for extract- 
ing a reference signal out of the notch bit; 
recording/reproducing clock generating 
means, to which Ihe reference signal is input- 
ted, for generating a recording/reproducing 
clock synchronizing with the reference signal; 
and 

recording/reproducing means for synchroniz- 
ing a recording position of a bit for recording 
information with a position of the notch bit, and 
for thus recording/reproducing information in 
accordance with the recording/reproducing 
clock. 
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14. The optical recording/reproducing device defined 
as in claim 10, further comprising: 

information recording means for recording in- 
formation in an area that does not include the notch 
bit. 

15. An optical recording/reproducing device for record- 
ing/reproducing information into/out of an optical re- 
cording medium that has a track, one of the side- 
walls of a groove of the track wobbling, and that is 
provided with a notch bit in the track having a differ- 
ent frequency from a wobble signal read out of the 
wobbling of the sidewall of the groove, 

the optical recording/reproducing device 
comprising: 

reference signal extracting means for extract- 
ing a reference signal out of the notch bit; and 
land/groove distinguishing means for detecting 
a level ol Ihe wobble signal in accordance with 
the refeience signal, and for thus judging 
whether a light beam is radiated either at a land 
or at the groove 

16. The optical recording/reproducing device as de- 
fined in claim 13. further comprising: 

lead-in timing selecting means for selecting a 
timing for starting lead-in of track servo in accord- 
ance with a result by the land/groove distinguishing 
means. 

1 7. A method of manufacturing an optical recording me- 
dium capable of recording/reproducing information 
into/out of both a land and a groove constituting a 
track, comprising the steps of: 

(1 ) cutting one of the sidewalls of the track out 
of an optical disk substrate with a first light 
beam; and 

(2) cutting the other sidewall of the track out of 
the optical disk substrate with a second light 
beam that wobbles, 

wherein, in the step (2), a notch bit is formed 
at a predetermined frequency on the sidewall of the 
track that is cut with the second light beam. 

18. The method of manufacturing an optical recording 
medium as defined in claim 17, 

wherein light quantity of the second light 
beam is changed where the notch bit of the track is 
stored. 

19. A method of manufacturing an optical recording me- 
dium capable of recording/reproducing information 
into/out of both a land and a groove constituting a 
track, comprising the steps of: 



(1) cutting one of the sidewalls of the track out 
of an optical disk substrate with a first light 
beam; and 

(2) cutting the other sidewall of the track out of 
5 the optical disk substrate with a second light 

beam that wobbles, 

wherein, in the step (2), the second light beam 
is made higher than a normal frequency where the 
10 notch bit of the track is stored. 

20. A device for manufacturing an optical recording me- 
dium using both a land and a groove thereof as an 
information recording track, one of the sidewalls of 

is the track cut with a first light beam, and the other 
sidewall of the track cut with a second light beam 
that wobbles, 

the device comprising: 

20 wobble signal generating means for generating 

a wobble signal for storing on the wobbling 
sidewall; 

notch signal generating means for generating 
a notch signal for storing a notch portion of the 
25 track having a different signal frequency from 

the wobble signal; 

light beam wobbling means for wobbling the 
second light beam in accordance with the wob- 
ble signal; and 

30 light quantity switching means for switching 

light quantity of the second light beam in ac- 
cordance with the notch signal, 

wherein a notch is cut, whereas one of the 
35 sidewalls of the track is cut with the first light beam 
and the other sidewall of the track is wobbled with 
the second light beam. 

21. The device for manufacturing an optical recording 
40 medium as defined in claim 20, 

wherein a depth of a notch portion is control- 
led in accordance with light quantity outputted by 
light quantity switching means. 

45 22. The device for manufacturing an optical recording 
medium as defined in claim 20, 

wherein a depth of a notch portion is control- 
led in accordance with a time when a light beam is 
switched by a light quantity switching means. 

so 

23. A device for manufacturing an optical recording me- 
dium using both a land and a groove thereof as an 
information recording track, one of the sidewalls of 
the track cut with a first light beam, and the other 
55 sidewall of the track cut with a second light beam 
that wobbles, 

the device comprising: 
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wobble signal generating means for generating 
a wobble signal for storing on the wobbling 
sidewall; 

notch signal generating means for generating 
a notch signal for storing a notch portion of the s 
track having a different signal frequency from 
the wobble signal; 

mix means for mixing the wobble signal and the 
notch signal, and for outputting a mixed signal; 
and io 
light beam wobbling means for wobbling the 
second light beam in accordance with the 
mixed means, 

wherein a notch is cut, whereas one of the is 
sidewalls of the track is cut with the first light beam 
and the other sidewall of the track is wobbled with 
the second light beam. 

24. An optical recording medium comprising a record- 20 
ing track between a pair of sidewalls, each of which 
defines the boundary between a groove and an ad- 
jacent land formed in the surface of said medium, 
wherein one of said sidewalls of the track wobbles 
at a predetermined frequency, and wherein said one 25 
of said sidewalls is formed with a succession of op- 
tically detectable physical discontinuities spaced 
apart along the track. 
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(54) Optical recording medium and optical recording/reproducing device, and manufacturing 
method of optical recording medium 



(57) A magneto-optical disk 1 has a track, wherein 
one of the sidewalls (side wall 4) of a groove 2 is wobbled 
by a wobble signal, and is provided with a notch 5 in the 
track having a different frequency from the wobble sig- 
nal. The absolute position of the magneto-optical disk 1 
is detected with a sample bit stored by the notch 5 of the 
track, and an information bit is stored with a recording/ 



reproducing clock synchronising with that position. By 
forming the notch 5 in this manner, information can al- 
ways be recorded at the same information bit position, 
regardless of how many times information is rewritten. 
Therefore, a gap area and a buffer area, which have 
conventionally been essential, are not needed on the 
optical disk. Consequently, it is possible to use a record- 
ing area effectively. 
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